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PART I 

SHORT CUT IN KO U T INS WA TEIi AHALYHlS 

The usual procedure In making routine water analysis, 
particularly of boiler salines. Is to titrate a sample v/lth 
sulfuric acid to the phenolphthaleln end point o The titration 
is then continued to the methyl orange end point <, These 
measurements of the phenolphthaleln and methyl orange 
alkallnitles are generally expressed in grains of GaCOS per 
gallono 

To measure the salinity, a fresh sample of the vmter Is 
first titrated with sulfuric acid to the phenolphthaleln end 
point. Then a fewf drops of a 5% solution of potassium chroraate 
are added and the sample is titrated with silver nitrate <, The 
salinity is expressed as grains of WaCl per gallono 

When a large number of samples are to be analyzsed, it 
would save time if all three determinations could be run on 
the same sample, bince the chroraate acta as an indicator only 
through a narrow pii range, some means must be used to 
increase the pH of the sample which has been acidified to 
the methyl orange end point. To accomplish this, the 
potassium chroraate is dissolved in a 0.1 N sodium bicarbonate 
solution Instead of the usual distilled water. Five drops 
of this indicator solution are sufficient to bring the pH of 
the sample within the desired range o 

Duplicate tests were run with the buffered and unbuffered 
Indicatoro The results, expressed in grains per gallon, were 
as follows: 



Sample 

Neutral 0o390 N 
Boiler saline 
Tap water 



NaCl 



Methyl Orange 
Alkalinity 
CaCOg 

OoO 
23ol 
55,0 



Salinity 

NaCl 
Unbuffered 

1336 

267 

72 



Salinity 

NaGl 
Buffered 

1336 

267 

72 



Thus it will be seen that the short cut is fully as 
accurate as the standard method of ana lysis o 
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PART II 



Tlffi PU]?IFl;;y\TION OF IVATliK 



Grordon Carter 



"Until a little over a century ago, the majority of 
Londoners drank water drav;n straight from the tidal roaohes 
of the Thomes; no doubt water suppliers in nany other parts 
of the country provided their consuiiiers v/ith v/ater of equally 
poor appeal and lethal potentialitieso The acquisition of 
knowledge and the awalcenlng of the public conscience were 
both necessary before progress towards the present high 
standard of v/ater supply could be initiated. The relation 
betv/een v/ater supply and public health was not appreciated 
before the second half of the last century. The laiasrnatic or 
"bad smell" theory of the propagation of disease held sway 
until the work of onow, Pasteur* I'rankland, and others of 
their generation threw an entirely fresh light upon the 
matter. The science of bacteriology was born and the degree 
of safety of v/ater supplies was definitely nieusurable for the 
first time. 

The installation of the earlier filtration plnnts for 
clarifying water was undertaken on aesthetic considerations 
only, prompted, no doubt, by the frequent public attacks -.nade 
on the water companies. When oimpson of the Chelsea Water 
Company erected London's first sand filters at Pimlico in 
1B29» his purpose was nerely that of improving the appoarance 
and general appeal of the Thames v/ater v/hich hitherto had 
been supnlled without any treatment at all„ several of the 
other London water companies of the time continued to pump 
untreated tidal Thames water into supply until the I/'otropolis 
Act of 1352 compelled them to move their intakes to points 
acovo the influence of tides, that is to soy, above TedtUnf^ton 
weir» It had not been established at that tirae that certain 
diseases can be water-borne and that they are microbial in 
nature, and it is not surprising, therefore, tbjxt some 
decades passed before the full implication of the compulsory 
filtration of river-derived v/ater v/as appreciated. It was 
found that efficient sand filtration, besides Improving tb" 
appearance and general appeal of the v/ater, removed such a 
pir'oportion of the bacteria that the safety of the v/ater was 
increased out of all measure. It is outside the purpose of 
this paper to give details of water-borne epidemics, but it 
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Is interesting to note that as late as 1892 un epideraic of 
oholera occurred at iiaraburg through the supply of untreated 
water from the River Elbe, while at Altona, a small town 
adjacent to Hamburg and whose Elbe water supply was sand- 
filtered before distribution, there was no epldemioo 

In this country the continuous sterilization of a water 
supply was first perforiaed at Lincoln in 1905. An epidemic 
of typhoid had been caused by a leaking sewer which had polluted 
the water actually under the sand fi Iters o 3ince tlxat time the 
policy of sterilization has progressed rapidly and novifadays 
is almost universale Methods of clarification, softening and 
sterilization have been developed to such an extent that the 
rival claims of the various processes have seriously to be 
considered in planning or giving advice upon installations v/hich 
the post-war programine of water supply will require o 

The f^uty of a water supplier is to provide at all times 
an adequate supply of "pure and wholesome" water- Sometimes 
the additional duty of softening is imposed or voluntarily 
accepted. The term "pure and wholesome" was coined when little 
or nothing was known about bacteria, and it is not easy to 
define the term exactly. An interpretation as good as any 
other is that of the late dir Alexander Houston, who defined 
as "pure and wholesome" water in "such a condition that it cannot 
cause typhoid fever, cholera, or other water-borne fllsease., It 
must also be free from chemical poisons and have no injiirious 
effect on metalso Further, it should be bright, clear and 
sparkling, free from suspended matter, reasonably soft and the 
salts in solution should not be present In excessive amount," 

The means employed to purify water are determined by 
both circumstance and choice j waters from different sources 
provide a variety of problems, each of which can often be 
solved in more than one way. sources of supply may be put 
into two categories. Underground and surface. In the absence 
of certain substances, such as iron and of the need for softening* 
underground water generally needs merely to be sterilized 
to render it safe for consumption either directly in the home 
or indirectly in the manufacture of foodo Surface water, 
obtained from lakes, streams and rivers, requires clarification, 
the reduction of excessive color, the removal of taste, and 
finally sterilization. 

Clarification and color reduction, - The storage of 
surface water in subsidence reservoirs is the first stage 



in the reiaovnl of suspended solids » ouch atora^^e (;eiierolly 
performs three iJurposes: the settlement of silt, the iieed 
to TTiHintnin a reserve of vvnter, »nd a third which wns 
demonstrated so nbly by bir Alexander riotiston. liO shov/ed 
that storage of v/nter imports a pronounced purifying effect, 
in that pathogenic bacteria ojinnot indefinitely survive 
separation froni their human hosts© lief ore the practice of 
sterilization and the chemical nenns of clarification \irere 
de-^'eloped, stora.f^e vas an integral stage in the purification 
of sTJrf ace v;aters. Nowadays, it is not essential wnd its 
continuance of rsiection is determined by the clrcuma truces 
of the supply and pii'^if'ication plants. 

The •^ethod of clarification generally used in this country 
is virtually that initiated by oimpson at Pinlico over a century 
ago. The slow sand filters are each aUout an acre in nrea and 
eight to ten feet deep. The filtering nedium is a bed of some 
two feet of sand supported on a layer of gj^aded gravel wiiich 
itself lies on a reticulation of loosely laid brlclca or tiles; 
the raw water is introduced above the sand and covers it to a 
depth of some four feet© i'iltration is performed at a rate of 
about I3 to 2 gallons per square foot per hoiir and the filtered 
water runs from the channels under the bed to a collecting well 
whence it Is puiaped to supply. Uhen the accumulation of i.-iatter 
on the surface of the sand chokes the filter, the bed is drained 
down and the detritus together with some sand is skimioed off 
by hand; the filter is then returned to service and tiie removed 
sand is washed. When the tnlckness of the sand bed has been 
appreciably reduced by successive skimiiinjiS the washed sand 
is rolfild. i<iany of the slow sand filters of the i/ietropolltan 
Water lioard have been at work in this way for nearly a century^ 

Within the last twenty or so years a modification has 
been added to some existing works and incorporated in nevi/ v.'orks 
in the shape of rapid gravity sand filters v/hich remove the 
coarser si^spended matter from the Avater before it j)n33es to 
the glow sand bedso When these beds become choked they are 
washed mechanically; the top water is filtered through or run 
off until the sand Is almost uncovered. A scour of air is 
then forced up through the bed in order to break up the sand 
and this is f*ollov/ed by an upward flush of water which washes 
out the accumulation of solids. The flush flows into collecting 
channels laid a little above the sand level and r\tns to a draino 
The rate of filtration through these i^rimary filters is from 
100 to 150 g.]?.s.f •L-oh. and with their use the rate nf filtration 



through the secondary or slow beds is raised to 4 or 5 g^p.s.fopohc 
The chemical and allied results of the filtered water do hot 
differ appreciably in the two methods, i.eo, single slow filtra^ 
tlon and prijnary cum secondary filtration, but on the whole the 
bacterial reduction is greater with the older single filtration 
inethodo This factor has not however the significance thjit it 
once would have had, as the policy of terminal sterilization 
of all filtered water has been in operation for nany years o 

Single or dual sand filtration together with the use of 
a sterilant as a means for purifying surface water has much 
to recommend Ito Apart from structural faults, which may permit 
the entry of polluted water, there is little to go wrong to 
an extent v/hich might produce dangerous consequences o It is a 
natural process and apart from the sterilant, nothing is added 
to the water which was not originally there, but on the other 
hand it is cumbersome o A relatively large area of land is 
occupied by a sand filtration works and, up to now, no method 
of cleaning the slow sand filters has emerged to replace the 
ti-ne-honotired one of doing it by hand. At such times flocks of 
birds frequently attend or quickly follow upon the operation and 
their excreta often provide evidence of faecal pollution in the 
filtrate when the bed is returned to services 

Difficulties of more than one kind due to algae prevail 
at times. Some of the diatoms pass right through primary and 
secondary filters and impair the appearance of the filtrnteo 
At times' algae die on the surface of the sand and by their 
decomposition impart taste and odor to the v/ater- Some choke 
the beds rapidlyo In certain circumstances some algae develop 
a polmelloid stage and the growth covers the sand with a Jelly«= 
like mat which creates material difficulties in bed-cleaningo 
Copper sulphate is sometimes used to destroy algal populations 
in reservoirs, but care has to be exercised in its nae as it 
sometimes happens that the death of one organism resxilts in 
the ascendancy of another and more copper-resistant type and 
the second state of the water may be worse than the first o 
Continued use of copper in the suppression of algae must not 
be too lightly practised as it has been found that copper 
eventually finds its way through sand filters and appears in 
the town supply o Tastes and odors generally are often in- 
completely removed by sand filtration. The addition of 
powdered activated carbon to the water entering slow sand filters 
is of proved value In this connection but its continued 
application is apt to cause choking of the sando 



Tile treatraent of water by chemical means Is {gaining more 
and more adherents. The clarification of water by coaijiilants 
is the rule In iiinerlca, while in this country it is as yet 
the exception. The general procedure has been to dose the rav/ . 
water with a coai^ulant* usually aluminium sulphate, and i^ently 
to stir the treated Vi/ater to encourage the agglomeration of 
the large number of minute flocculi v/hich result from the 
reaction between the coagulant and the substances dlsijolved 
in the water. The elucidation of the exact nature of the floe 
has been the siib.iect of much work and there is no universality 
of opinion on the sub.iect as yet. It appears that at low pH 
values the floe contains SO3 radicals, while under coadltiona 
of alight alkalinity it is Tierely aluminium hyrir* oxide The 
rationale o<" the removal of the fine suspended matter from 
the water is again a matter of some debate; the general opinion 
is that it is a matter of mutural precipitation by opposltnly 
charged particles, but there are sone who point oijt that both 
positively and negatively charged particles are rornoved by 
the positively charged alumina. It seems that the removal 
of suspended solids is in some measure explained by neutralization, 
but it is difficult to doubt that mechanical entanglement plays 
a part in the romovnl of at least the larger particles and the 
a Igae o 

The majority of existing installations com])rlse four stageso 
They are tlir thorough mixing of the coagulant with the water to 
be treated, a "coiditioning" stage in which agglomeration of 
the flocculi is encouraged by gentle agitation, a period of 
quiescence diirlng vjhlch the floe settles leaving relatively clear 
water above it and finally rapid filtration, generally through 
sand. i.iuch v/ork has been done in connection with the conditions 
most conducive to good floe formation and settlement, and from 
the copious literature and Its lack of uniformity it cannot but 
be concluded that empiricism has formed tiie basis of many of 
the designs. Aluminium s\ilphate Is at ti:aes replaced by ferrous 
sulphate or ferric chloride, and sodium alximinate or sodium 
silicate are sometimes used Vi^ith the aluminiiim sulphate* Various 
workers extol this or that reagent or combimition of reagents, 
end inasmuch as sources of water and conditions of v/orking are 
80 variable, it. is dif<'icult to generalize as to the relative 
value of the varioxis moriif icationso 

A depa^'ture from the four-stage procedure has recently 
been Introduced and the modified procedure bids fair in time 
to roplace the old one. In this new method the conditioning 



and settlement are performed in one stage and in a fraotlon 
of the time hitherto involved. The type of plant will be 
described more fully in considering the question of softening, 
to which the principles involved were first applied. Briefly^ 
the method consists of passing the freshly treated v/ater into 
the bottom of a reaction vessel, generally of inverted conical 
shape; as the v/ater rises, it passes through a bed or blanket 
of previously formed floe which assists materially in bringing 
the reaction to completlono The clarified water overflov/s 
from the top of the vessel and passes to rapid filters© 

Clarification by coagulation is well suited to silty v;aters 
and this fact may explain in part why the method is more prevalent 
in the U.^.Ao than in this country, many of the sources of 
supply in America being very silty. Efficient alum treatraent 
results in the removal of virtually all the added aluminium from 
solution and the method has the :nerit that the use of ancillary 
substances for the removal of odor and taste can be incorporated 
more easily (and probably more effictively) than is the case 
with dual or single sand filtration. As large slow sand filters 
are not required Vtrith coagulation plant, the consequent saving 
of space is a factor which can weigh heavily in favour of this 
methodo 

ooftening. - The softening of water is not generally 
required for food manufacturing purposes, but there are 
instances where at least a partial removal or modification 
of the dissolved salts is desirable. There is no need in 
the present instance to discuss the merits of the lime and the 
base-exchange methods of softening, but it may be of interest 
to describe briefly the type of plant which is nowadays being 
increasingly used for lime softening and which was mentioned 
earlier in connection with clarification by coagulants o 

The original Clark's system of softening water by lime 
is v/ell known. It consisted of adding lime-water to the hard 
v/ater in large tanks and allowing the precipitate of calcium 
carbonate and any magnesium hydroxide to settle to the bottomo 
The clear water was then decanted and pimped, generally without 
filtration, into supply. The reactions involved are slow 
and were often furthered in the distribution system. In 
consequence, consumers sometimes received cloudy water due to 
the distiirbance of light deposits by fluctuations of flow 
in the mains. iJuch water, though wholesome, was viewed with 
concern by unenlightened householders and with annoyance by 
those food manufacturers, the appeal of whose products relied 



on a Gloar v/ater« The trouble was alleviated by the Injection 
of COg into the water as it passed to the pumps* the purpose 
of this treatment boing to convert any free line or super- 
satiirated calcium carbonate into oicarbonateo There are some 
installations on the Jlark pattern still in operation and the 
use of GO2 is being superseded by that of "Calgon" (sodivim 
hexametaphosphate), the action of v/hlch is apparently to forra 
a soluble complex with the calcium carbonate o 

It v/as realized that the softening reaction could be 
hastened by using i^rovlously formed precipitate o Comjequently 
continuously-ope.^ating plant was evolved in which some of 
the precipitate v;as pumped into the stream of freshly trf;ated 
water; separation then tO)k place in a settling ttnik. This 
v.'a3 known as the "returned sludge" nethod, and it was an 
Improvement on the old system of fill, settle and onpty, I'jowa-' 
days softening plant .Is desic-:;ned to pass the freshly treated 
v/ater upwards in vessels built as inverted cones or p^rranids 
and in vfbich a bed or blanket of precipitate is kei)t in suspension 
by the upv/ard ^'low of freshly treated v/ater. As a consequence 
of the continuously decreasing upward velocity the particles 
a3::u"Tie nositlons of balance in accordance v/ith their size and 
density, and a blanket in a state of equilibrium is producedo 
The reaction is complete in an hour or less. There is another 
type of upward flow plant in which a solid bed of carbonate 
takes the place of the floating suspension and stable softened 
water emerges after a contact jeriod of only a fev; minutes. 

iiterilizatlon. - It is obviously essential that a v/ater 
supply to direct consu.ner and food manufacturers must be free 
from disease-producing organismso The three riain diseases 
which have been dissemimited in the past by v^ater are tyijhoid, 
dysentery and cholera o While outbreaks of these attributable 
to v/ater are nowadays rare, forms of gastro-enterltis iiave 
been imparted by water supplies in civilized communities 
on several occasions during recent years. The sterilization 
of Vifater supplies in this country became obligatory only during 
the recent war. 

It was "lentioned earlier that the first occasion of 
the continuous sterilization of a v;ater supply in this country 
was at Lincoln in 1905, v/hen hypochlorite v/as used as the 
source of chlorine. liy the end of the first world v>ar tlie 
sterilization of v;ater was practised fairly; widely i.nc} by that 
time gaseous chlorine had largely replaced hypochlorites nnd 
blenching powder by reason of its being easier to handle and 
to rngulate. Tastes due either to the chlorine itself or to 
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its cotnblnatlon with organic impurities in the water were 
responsible for the introduction of the chlorHFiine treatment 
which v/lth modifications is still operative o This process, 
adequately controlled, goes far to suppressing tastes of both 
kinds and has the virtue of retaining chlorine in demonstrable 
concfintrations for considerably longer than is the case with 
chlorine alone. The bactericidal action of chloramine Is, 
however, appreciably slower than that of chlorine; provision 
has consequently to be made for a longer period of contact 
on the works before the water is pumped to supply. In recenl^ 
years the literature has been rich in accounts of workers 
purporting to explain the reactions which ensue betv/een 
chlorine, ammonia and water, and the formation of monochloramine , 
dichlor amine, nitrogen trichloride and nitrogen Itself has 
been postulated. The issue is still not clearo 

During the last few years a development of the ammonia- 
chlorine treatment known as "break point" chlorine t ion has 
attracted considerable interest o When successive doses of 
chlorine are added to water containing ammonia and the 
"residual" chlorine demonstrable by test is plotted as 
ordinate against dose the ctirve rises to a maximum and then 
falls practically to zero after which it rises again, this 
time exhibiting a linear relation between dose and residual 
chlorine. The does corresponding to the trough of the curve 
is called the "break point" and a treatment to this point 
is tVie aim of the process. It is claimed on good authority 
that sterility, reduction of color and complete absence of 
taste result from the treatraent. 

Another modification of chlorination is the use of a 
relatively large dose of chlorine alone, followed (after 
a time sufficient to permit of sterilization) by a dose 
of sulphur dioxide to remove the residual chlorine c This 
is an excellent method for waters of high organic ptirity, 
such as well waters, and it has the advantage that there is 
no possibility of chlorinous tastes in the finally treated 
water. If it is desired to pass a small residuum of chlorine 
into the distribution system, partial dechlorination is nerely 
a matter of setting bhe instruments. In the more modern 
Installations the proportioning of the flow of treatment 
gases t.o the flow of v;ater is automatic and in the absence 
of variations in the characteristics of the water, the pro- 
cedures which have been mentioned may be expected to run 
satisfactorily with little attentiono^ 



The sterilization of v/Hter by oxcess line is not w.Uloly 
prrctiaed nnd in any case Is liralted to those who soften their 
water- i\ slijht oxcess of lime over that required for aof toning 
has a "jarked bactericidal effect and after the requisite 
period of contact t!ie excess is converted by GOg into bi- 
carbonate o 

There is as yet relatively little sterilization by ozone 
in this country but the :r.ethod enjoys considerable vogue on 
the Continent. It has great attractions. Odors and tastes 
inherent in the water are ellminitted, color is appreciably 
reduced, the v;ater is given that sprakle v/hich is so pleasing 
nnd, v/hat is laoro , the finally treated water contains nothing 
which was not originally present. The supporters of chlorination 
level a charge against ozonlzation in that no residual fillip 
of sterilizing agent can be Iraparted to the distribution uysteiUi, 
as can bo done with chlorinationo Ozonlzation is apt to bo 
more costly titan chlorinatlon and as the production of ttie 
ozone is depend.ent upon electric current which at tines is 
apt to fnil, ozonlzation has been viev/ed askance by many 
water suppliers whose piimps are steam driven and. whose puraping 
is therefore independent of electricity supply. Now thtit 
electrification of pumping is in, the ascendancy a different 
complexion is being "ut u.pon that matter, and it is possible 
that 07,one will be Increasingly usedo 

Iron removal, - oources of water contf.ining iron and sometimes 
manganese are not uncommon. The presence of those -letals is 
of importance in that they are litble to be precipitated by 
oxidation and so to affect t)ie appearance of the water. The 
-nethods of clarification, softening and filtration already 
discussed are themselves sufficient to remove these impurities 
but in cases where an underground water would otherwise be 
p-umped straight Into supply, plant for tiieir romovul is 
necessary. The usual method in such cases is to aerate the 
water and then to filter it, the filtration sometimes being 
preceded by sediment at lon« ouch filters are often fiirnished 
with a layer of special sand siich as Polarlte v/hich appears 
to assist the oxidation catolytlcally. 

The correction of a plurobo^solvent tendency is essential. 
3ome difference of opinion exists on the causes of pluiabo- 
solvency but in general it may be attributed to the presence 
of hiiinic acids or excessive COo ^^^ t^® neutralization of 
these by lime generally forms the basis of corrective treatment o 



PART III 

DK-AEKATIOM OF FEED VyATER 

In surface condensing plant for steam turbines in large 
power plants the condensate is almost entirely free from 
r'issolved oxygen, and is ^^ept in this condition by means 
of a suitable closed feed system. In industrial plants, 
however, particularly those using steam for process, an 
open feed tank has to be used in the circuit, rendering de- 
aeration essential because of absorption of oxygen from the 
atmosphere. 

Accordingly much interest attaches to the latest 
improvements in an atomising spray de-aerator. The iise of 
this neat and efficient device, arranged generally as shown 
in the accompanying diagram, results in no measurable trace 
of oxygen remaining in the feed-water entering the boiler 
feed pumpo 

Essentially the principle consists in allowing the 
oxygen- impregnated feed=water to flow from the open feed 
tank "A" through pipes "B" and "C" to the de-gassing vessel, 
into which it enters through specially designed nozzles in 
pipes "L-" in the form of a finely atomised spray. The de= 
gassing vessel Is maintained under vacuum by means of a 
steam-operated air ejector whereby all the oxygen and other 
dissolved gases are released from the feed-water. The operating 
steam from the ejector may be led back to the feed tanlc and 
the latent heat recovered in heating the feed-water. The 
de-aerated feed-water is withdrawn from the de-gassing vessel 
by means of the extraction pump "E", which has a larger 
cnpacity thstn the maximum demand of the boiler feed pump = 
On leaving the extraction pump the feed passes through a 
non-return valve and Isolating valve and is discharged 
through pipe "P", the balance in excess of the boiler feed 
pump demand being passed back through pipes "G'\and "C", 
and recirculated through the de-aeratoro 

This new arrangement ensures a high degree of de- 
aeration being obtained at all loads by eliminating all 
internal throttle valves, while a constsnt head is 'naintalned 
both on the extraction and boiler feed pumps, thus enabling 
them to run under most favourable conditions. The inlet "C" 
through which the feed-water enters the de-aerator is in 
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Included in this lay-out of the do-c,o:?uting system Is a non- 
return valve In the circuit at one point vhere the extraction pump 
discharges (e) , vhlch ensures that In the event of the water being 
stopped, feed-vater Is taken direct to the feed pump. 
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large plants split into two or three branches, each provided 
with a valve, so that should the plant be required to rim 
continuously on reduced load one or more of the valves can 
be shut, with corresponding reduction in the pov;er taken by 
the extraction puinpo 

The feed tank should preferably be elevated above the 
floor level to ensure that there is a good positive head 
on the feed pump suction, to prevent entry of air through 
the inlands, but where site conditions do not allow of this, 
the layout can be modified » 

J-'or effective de-aeration the feed should be at a 
te:nperature of at least 130 deg, i-% , but if this figiire 
cannot be attained the firm can supply a direct-contact heater 
de-aerator, embodying the advantages of the recirculating 
principle, but using the rainlinum of low pressure steam?, 
otandard plants are available with capacities from 20,000 
lb. per hour to 400,000 Ibo per hour, and under suitable 
conditions oxygen contents of as low as 0.015 c.cm, per litre 
may be consistently maintained^ 
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FART IV 

SCALE AIMD ALGAJ^ COi\iTHQL 

livery industry in which water is used in large quantity 
for temperature control, mechanical washing, or pasteurising 
must contend with the problem of algae and scale controlo 
There is nothing dramatic about the accumulation of algae 
and scale. The process occurs insidiously, and may escape 
notice} yet losses in operating efficiency from these causes 
may exceed those caused by more obvious troubles, such as 
mechaiiical malfunctioning or breakdown*. 

Temperature control is a paramount factor in the pro- 
r'xaction of beverages of uniform quality. Low temperature 
is necessary to enable the beverage to hold carbon dioxide 
without excessive pressures. Control over syrup temperature 
prevents the loss of carbonatlon which occurs when the warmer 
syrup dissolves in the cold carbonated water o 

Efficient refrigeration depends largely on a uniform 
rate of evaporation of the refrigerant in the low side of 
the refrigerating system. Water cooled condensers are 
usually employed for this purpose, aince the water circulated 
through the condensers Is re-used many times, it is common 
practice to expose it to the air to cool it by evaporation 
before it returns to the condenser tubes o A water-spray tower 
is frequently used as the .riethod of heat transfer o The 
unimpeded circulation of water through the cooling tower, 
the condenser tubes, the piping system, and the condenser 
water primps is of vital importance in assuring efficient, 
uniform refrigeration. Since the growth of algae may disrupt 
the circulation of water through the cooling tower, and 
since algae debris may enter the condenser tubes, block the 
pipes, and choke the condenser water pumps, algae control 
is of direct consequence in the trouble-free operation of 
the refrigerating system as a whole o 

ALGAE - AMD HOW THEY GROW 

Algae are living plant orgfinisms, closely associated 
with the bacteria biologically, although they do not share 
the r'lsease-producing characteristics of some members of 
the bacteria fnrailyo They exist in single-celled and raulti= 
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cellulnr forins« ?Ii2hly adaptable, they are found i3rov/iru5 
on the surface of the ground, on the bark of trees, on rocks, 
even underground. Hor do they seem to be llrnited by climate, 
since they thrive in the Arctic Circle, as well as in the 
darkness and warmth of condenser tubes » Tenacious In habit, 
they are freauently found on rocks incessantly pounded by 
heavy surf* It is not surprising, therefore, that the most 
vigorous scraping and scrubbing ^ails to remove them completely. 
Although there are -aany species of these plants, it is the 
blue-green algae (cyanophycae ) which commonly affect the 
efficiency of cooling systems. They are characterised by 
the develop'nont of a slimy substance which protects them 
from unfavourable temperature conditions and against removal 
by abrasion. Vihile the blue-green algae prefer wprra weather, 
sunlight, and suitable food, they can live for a long ti:ne 
under the most unfavourable conditlonso Uhen warm v/eattier 
comes they multiply with great rapidity, forming extensive 
masses covering troughs, spouts, and weirs of the cooling 
tower with dense, felt-like layers. 

Attempts to control algae by mechanical removal are 
doomed to failure. liven assuming that every algae colony 
could be removed from the cooling system, reinfection would 
occur imjnediately, since algae filaments are carried by all 
local water supplieso. As filaments introduced in this raannor 
fasten themselves to various surfaces of the cooling system, 
nev/ algae colonies are quickly formedo In warm weather a 
tower apparently free of the plants may be choked with algae 
in a remarkably short timee 

Chemical research in the problems of alga© control 
■revealed that the addition of certain substances to the 
cooling v/ater resulted in the initial destruction of the 
plants. However, after several months large algae colonies 
developed again, even though the water was being conn latently 
treated with the algicidal compound. The concentration of 
the comnound was therefore increased, with results which 
were temporarily favourable. In ti;ne, however, abum^ant algae 
grov/ths developed, in spite of the use of an increased con- 
centration of algiclde. Progressive increases in the donage 
of algiclde, to the highest practical limit, produced the 
same disappointing results; the growth of algae was temporarily 
arrested, but in every instance the algae resumed tiielr growth, 
despite the consistent use of chemicals intended to control theme 

It has been mentioned before that algae are exceedingly 
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adaptable o It appears that they are oapable of developing 

a tolerance to chemicals which on first contact are destructive* 

iuore than that, they are capable of building up a resistance 

to increasing concentrations of these cheiaicolsQ This beiiaviour 

may be compared to that of a drug addict who can absorb dosages 

of morphine which would be fatal to a non-addlcto 

An understanding of the life processes of algae v/as 
necessary before a completely successful controlling treatment 
could be developed. Research revealed several compounds, 
entirely different in che.nical composition, which were 
destructive to algae. The plants v/ere able to build up an 
immunity to each of these compounds Individuallyo It v/as 
found, however, that, if these compounds were added to the 
cooling water alternately, the grow/th of algae was perrnanently 
inhibited. The plants are able to adapt themselves to a 
particular toxic condition, but are unable to siirvive abruptly 
changing toxic conditions. 

For practical purposes, two algicidal compounds viore 
developed. One depends on sulphates and sllicofluorides for 
its action. The other nakes use of pentachlorophonol and 
crosylic acids iioth possess high toxicity for algae in 
extremely low concentrations. The treatment is begun with 
either compound and continued imtil signs of algae resistance 
appear^ 'The use of the second compound is then imi.Tediately 
initiated. The cycle continued indefinitely, and assures 
complete control of algae in all parts of the cooling system, 
at very low cost, and v/ithout the need for increasing the 
effective dosage. Laily treatment of the cooling water v/lth 
1 lb. of the algicide for every 1,000 gallons of circulating 
water is sufficient to assure algae control. 

Increased cooling s7/^stem efficiency la not the only 
benefit which may be derived from algae control. Like most 
plant forms, algae built up starches by the process of 
photosynthesia, a byproduct of which is the release of oxygen 
in considerable quantitieso In cooling systems, algae is 
heaviest immediately above the surface of the water- ^iasoous 
bubbles will be noted in the water at" the boundary v/here the 
algae colony meets tlie water. The gas is oxygen. Algae 
sat\irate the. water with more oxygen than it can absorb from 
the air (which contains only 20 per cent of oxygen). Tlie 
oxygen saturated water accelerates the ruatinj; and corrosion of 
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steel pipes, reducing their service lifeo A measurable 
retardation in the corrosion of steel equipment will be 
gained as a result of algae control. 

Frequent inspections of the cooling system should be 
made, so that the algicidal treatment will be changed as 
often as necessary. Dead algae should be wiped off at 
monthly or bi-monthly intervals by sweeping an ordinary 
broom over the troughs. If there is doubt as to whether the 
algae are dead or alive, pass a finger over the algae- 
infested wood. If a slimy sensation is experienced, the 
algae are alive. If the surface feels rough to the touch, 
the algae are deado 

Tim PROBLEM OF SCALE GONTROL 

Loss of heat transfer capacity as a result of hard water 
scale formation is one of the basic problems of cooling system 
maintenance. Hard water scale within the condenser tubes 
acts like an insulating blanket which prevents the cooling 
water from taking effect in maintaining the rate of evaporation 
of the refrigerant. The purpose of an elaborate water- 
cooling system may therefore be defeated, acale and soil 
accumulations within the system result in the development 
of excessive condensing pressxires. Such excessive pressures 
increase power constimption, and reduce refrigerating plant 
capacity. Removal of scale by manual means at regular intervals 
involves disassembly of the equipment, is costly and tiine = 
consuming. The effect on the quality of the beverage as a 
result of inefficient refrigeration in the intervals between 
manual cleaning must also be considered. Fluctuations in 
the temperature of the cooling water produce equivalent 
fluctuations in the quality of the beverage o The logical 
approach to scale control is not in the occasional removal 
of scale by manual means, but in the consistent treatraent 
of the cooling water to prevent the depositing of scale on 
the heat transfer surfaces. 

THE NATURE OF SCALE 

All natural waters contain minerals in solution. The 
minerals responsible for scale are classified by the chemist 
as "encrusted solids." These consist largely of calcitim 
compounds, and to a lesser extent of magnesium compoundso 
These are the substances largely responsible for v;ater hardnesso 
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The precipitation of cnlcium und raagnesiiim salts, either 
through evnpoT'Mtion or as a result of the application of 
heat, cansea scale formation. ;Joth of these factors are 
operative in any systen in v^iich water is exposed to the air 
to induce heat loss by evaporation. Unless projier mothods 
are adopted to control scale formation, this condition nay 
be expected to be a source of chronic xnaintetiancc troubleso 

^CALE PRL;Vhl>iTION 

■----■-■-■- I ^ I ■ 

As is the case of algae control, the logical approach 
to scale control is not periodic riechanical romoval of 
scale, but the treat^aent of the cooling water to prevent 
scale from adhering. Chemicals are available vifhich corabine 
with the scale -forming constituents in water, and prevent them 
from being deposited as insulating layers on the surfaces 
of the cooling systems. Used in unbelievably snail amounts 
(1 pint of water treatment compound to 1,000 gallons of 
v/ater), these compounds not only prevent scale from forming, 
but cause existing scale to slough off gradually. A simple 
metering device is used to introduce the scale-prevonting 
compound into the cooling water supply automntically. ocj.le 
control therefore becomes a matter of simple maintenance, 
rather than a ma.ior overhaul procedure. 

If the system is heavily scaled it is desirable to 
circulate a contT-'olled descaling solution to clean the system 
thoroughly before the ua<e of the v/ater-treated chemical 
is intitiated. Lescnllng compounds are available which 
react with the carbonates in hard-water scale, causing 
scale to bo romovod partly by chemical action and jiartly 
by the physical force of the cfArbon dioxide released as a 
result of the action of the descaler- A suitably formulated 
descaling compound will confine its activity to the scile 
alone and will not react corrosively with the metal beneath 
the scale. The use of raw acids for scale removal should 
be avoided, since the corrosiveness of such substances presents 
an obvious hazard to equipment. 

DAILY iJliiiaTii^ilAMUi;; HATIIEH TIiAN LIaJOR OVi^hhAi L 

The use of chemical methods of algae and scale control 
replaces laborious and costly overhaul procedures with 
a simple system of daily muintenance» Laily maintenance 
assures the uniformly efficient functioning of the refrlgeri.ting 
equipment s 
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PART V 

LII^-SQDA 30FTEMIWQ 

The llfTie-soda method is still the process most widely 
used for softening water on account of its cheapness and 
simplicity. It is, however, susceptible of improvement o 
A fundamental difficulty which springs from the basic 
chemistry of the process is the presence of residual hardness 
which niay persist from a few hours to several dayso Numerous 
expedients have been employed to speed up the process o These 
include arrangements for heating the incoming water, use 
of lime and soda in excess of the strict chemical eqiiivalent, 
addition of coa rulents such as alumlno-ferrlc and sodium 
aluminate , while in recent years much attention has been 
paid to catalytic action as, for example, by causing the 
water to flow through zones of preformed sludge. How can the 
process be speeded up in the cold? 

The root of the lime-soda process Is to convert all the 
calcium into carbonate and all the magnesium into magnesium 
hydroxide, in which forms they are removedo The reactions sho\ild 
leave the water with a slight free alkalinity, as a protection 
against corrosion, of between 20 and 50 p«p«mo in terms of 
CaCOg and of these 10 to 20 p. p.m. should be caustic alkalinityo 
The solubility of CaCOs (22 p. p.m. in distilled water at 60Op. ) 
and of Mg(0H)2 (3o5 p.pom. at 60^F,) prevents the attainment 
of zero hardness by the lime-soda method; these solubilities 
decrease in presence of HagCOg or HaOH, but in theory the 
best one could hope for from lime-soda softening is a residual 
hardness of between 10 and 20 parts per million of CaCOs 
and 1 to 3 parts per million of Mg(OH)p dependent chiefly on 
the numbers of GO3 ions maintained in the water and also to 
a much leaser extent on the temperature and the concentrations 
of other salts in solutiono 

It is clearly not good practice to precipitate a 
carbonate and hydroxide simultaneously from the same solution© 
Any substance separates most readily as a solid when the 
pH value of the solution is in the vicinity of that set 
up by the solid itself in pure water, and It is quite 
impossible to maintain two different pH values at one and 
the same time. It is also unwise to have an amorphous 
precipitate (e.go, flocculent KgCdUgJpresent when trying 
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to separate a crystHlllne precipitate (e.go, CaGOs), since 
the amorphous Mg(0H)2 woiild blanket the orystalline GaOOs 
and prevent crystal growth. iMagnesiura forms basic carbonates 
very readily and for complete conversion to the hydroxide 
it is necessary to keep the pli value as high as posMible, 
certainly well over 11,0, but if a soluble carbonate like 
sodium carbonate is deliberately added the odds are strongly 
against a pH value over lloO. 6ince chemical reactions are 
reversible, with a system of lig, Na, GO2 and OH ions in water, 
a certain amount of LlgOOg is to be expected at equilbrium, 
dependent on the numbers of the individual ions presento 
Moreover, when soluble carbonates are present, there are three 
alternative forms that magnesium might choose rather than the 
hydroxide (i.e«, the carbonate, basic carbonate, or double 
carbonate with calcium, all of them more soluble than the 
hydroxide) which raises the issues of metastability and super- 
saturatlono In short, if the idea of using lime and soda 
for softening water had occurred to us to-day instead of to 
Clarke a hundred years ago, we should have set «bo\it the 
business on more scientific lines. We should not have attempted 
the simultaneous removal of calcium as carbonate and maguosiura 
as hydroxide, but we would have ar? Justed the conditions first 
for removal of one and then the other, just as the chemist 
does in making a Quantitative analysis in the laboratory. 
This argument was the starting point of our research. 

When the cold lime-soda process proves unsatisfactory, 
it is invariably found that the raw v/ater contains both 
calcium and -nagnesium hardness and that the worst rosults 
are obtained when the proportion of magnesium hardness is 
high, 'uhere it gives good results in the cold the liardness 
is almost entirely due to calcium, or in odd cases, to 
mfignesiurao J^'rom this reasoning and experimental data a tv/0'= 
stage process was built up in which lime was first added, an 
interval was allowed for precipitation and coagulation, the 
solution was filtered and soda was then addedo The total 
reaction time was two hours. The result of series of tests, 
all in parts per million, was: 



Total alkalinity 
Total hardness 
Calcium hardness 
r^agnesivua hardness 
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These early experiments proved t;mt, other things being 
equal, two-stage softening was faster than single-stage 
softening over any fixed period of tli^e and that the optimum 
result could be obtained by two-stage softening if the 
reaction periods were extended far enougho 

The time required for complete reaction was still 48 
hours and had to be shortened for practical application^ It 
had been noted that the removal of magiesiura in the first 
stage took longer than the removal of Hnlcium in the second, 
and we therefore tried the effect of progressive increases 
in lime over^dosage. It was found that quite a small excess 
of lime had a pronounced influence on ^.ha rate of Mg pre- 
cipitation and that It was useful to a3d up to 100 parts 
T>er million Ga(OH)o in terms of GaG03 in excess of the 
theoretical quantityo The excess of .'■.ime was then removed 
by adding sodium bicarbonate: 

Ga(0H)2-V2NaHC03 s NagCOs ^ GaCC;; ^ SHgO 

If (as is customary) a slight caustic alkalinity is wanted 
in the treated water it can be provlds^ by using less than 
the full amount of sodium bicarbonate because 

Ca(0H)2 + NaHGOs s GaGOs + H2O i- NaOH 

The process as it had so far developed ma, be briefly 
summarisedc A measured volume of water was trea-ed with 
saturated lime water to a theorecical excess of Iv-o parts 
per million as CaCOs over the amount required by te.>.i^i.ai.y 
hardness and magnesium compounds. The water was stir:.-.^? 
gently for 30 mim and allowed to stand for a further b nilno , 
when clear water was drawn off and tested for alkalinity ^ 
phenolphthalein and methyl-orange indicatorso 

The results gave a check on the lime dose calculations « 
The weirhta of sodium bicarbonate and sodium carbonate 
reauired to destroy the excess lime and remove the permanent 
hardness were then introduced and the water was again 3tii*red 
gently and settled for periods of 30 min. The total softening 
time, exclusive of filtration after the lime treatment stage, 
was two hours, and softening by this technique was eq^lal to 
that obtained on the same water in the same period of tiine 
hv ordinary hot process (120° P.) with sodium aluminate., 
?he pre?lplta?e thrown down in Stage 1 of the modified process 
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had excellent settling properties, but the cralciiun carbonate 
from Stage 2 was finely divided and did not filter at all 
well through coarse material. If, however the treated v/ater 
in Stage 2 was passed by upv/ard flow through a bed of crushed 
lime-stone or calcite, the removal of GaCOg was complete in 
about 10 min» Almost any kind of suspended matter will 
catalyse the separation of GaCOg, and the best results of all 
were achieved with paper pulp carrying some entrained calcitim 
carbonate o Perfectly clear water containing less than 25 
parts per million GaCOs was drav/n off by gravity thro\igh the 
filter mat formed by settling the paper pulp after stirring 
with the v/ater in otage 2 for 10 min. \\e then tried the 
effect of paper pulp on the precipitates in otage 1 of the 
process and discovered that the separation of raagnesium was 
likewise as good in iStage 1 as in otage 2» Hather curiously, 
cotton pulp was not nearly so effective as paper pulp as an 
accelerator for magnesitun separation* 

SILICA KKliOVAL 



Magnesia is a valuable reagent for removal of silica from 
water, and we have found that the modified softening process 
autoinatically reduces the silica content to less than 4 p.pom», 
as against 7 p. p.m. by the hot lime-soda=alumiiiate process. 
However, the conditions which govern the precipitation of 
silica with magnesium hydroxide are not yet closely understood 
and the trials must be extended to more types of v/ater supply 
before claims can be put forward with the same quantitative 
accuracy as for removal of calcium and magnesiumo 

CT,AniTLA?ION OF GIL^^MIGAL QUANTITIES 

An example of the calculations involved in the use of 
lime, sodium bicarbonate, and sodixira carbonate according to 
the new techninue, along v/ith the corresponding figures 
for orthodox practice, will be of interest. For the purpose 
of this illustration it will be assumed that the reagents are 
100 per cent pure. A sari^ile of liard water from a colliery has 
the following characteristics: 



Temporary hardness 
Permanent hardness 
Calcium hardness 
ijlagnesitun hardness 



275 pts. per million 
210 " " " 

345 " " " 

140 " " " 



NEW TECHNIQUE 

Stage 1. - Lime is added equivalent to the aum of 
temporary hardness and magnesixun hardneas plus an excess 
equal to 100 poPorao at GaGO^, l.eo: 

74 
(275 >140-«-100) X s 381 pop.m, ~ 3-81 lb, per 1000 gale 

After the scheduled time for reaction, and filtration, the 
water is tested for alkalinity. Let it be supposed that 100 
ml. of the treated water require le75 ml. N/10 acid to phenol- 
phthalein indicator and 0ol5 mlo to methyl orange indicator o 
Caustic alkalinity, i<.e., excess lime s 1.60 mlo N/10 on 100 
ml. or 80 p»pomo as CaCOgo 

Note, = Discrepancy between theoretical and actual excess 
lime may be clue to small experimental error in the raw vrater 
analysis or to traces of free COg in the water- 

Stage 2. - Water leaving Stage 1 is treated with that 
amount of sodium bicarbonate which will leave 20 p.p.ra. of 
caustic alkalinity and destroy 60 p. p.m. of excess lime in 
accordance with the eauation: 



(168 \ 
60 X Is 101 p. p.m. NaHCOs ^ loOl lb. per 1000 gal< 

100 / 



When this reaction takes place 60 parts per million of sodium 
carbonate are produced, leaving 150 parts per million out of 
the original 210 parts per million of permanent hardness and 
20 parts per million of excess lime to be dealt with by sodium 
carbonate. 



170 X 1 = 



180 p. p.m. NagCOg s 1.80 lb. per 1000 gallons o 



For practical working purposes the chemical charges would 
probably be: 4 lb. lime; 1 lb. sodium bicarbonate; 2 Ibo soda 
ash. At f3 per ton for lime, fll per ton for soditim carbonate, 
and'fS per ton for soda ash, the cost of chemicals would be 
4. 2d per 1000 gallons o 



ORTHODOX PKQCLiDURE 

Theoretical lirae requirements; (275 1 140) X 74/100 s 306 p.poin« 
or 3.06 lb. per 1000 t^allonao 

Theoretical aodr requirements: 210 X 106/100 s 224 p.p«m» or 
2.24 lb, per 1000 tjollons. 

Practical working quantities v;ould be^ allowin^j the 
\3sual margin for alkalinity in the treated water: 3i lb» lino 
and 2 3/4 lb. soda ash, costing 3o6d per 1000 cniions. Thus, 
even on the minimvun cost basis for the orthodox process, the 
new technlaue is only a trifle more costly. If a comparison 
were mado against hot process sodium- a luralnate softening the 
new technioue would be considerably more economicalo 

Water having the analysis shown in the foregoing example 
treated by the two-stage raethod with the calciilated arnOTuits 
of lime, sodium bicarbonate, and sodium carbonate, and with 
paper pulp as cai:al7/-st and filtering medium in both stages, 
was softened dowfn to 27 parts per million as CaCOs (comprising 
24 p. p.m. calcium hardness and 3 p. p.m. magnesium hardness) 
in a total softening time of 30 min. , 15 min. in each stagOo 
The same water treated v/ith lirae and soda simultaneously in 
accordance vifith the calculation retained more than 200 parts 
per million of total hardness as CaGOg after 30 min., and 
even after two hours the residual hardness exceeded 100 parts 
per million* 

The advantages claimed for this process, for which a 
patent has been applied, are: 

1. Hardness is reduced to within 10 parts per million 
of the theoretical minimumo 

2. Silica is reduced to a comparatively low figure. 

3. Alkalinity of the treated water can be anything 
one likes to make it, either as regards kinds or quantity. 
In other words, the residual alkalinity can be independent 
of the softening process proper. 

4« The foregoing perfor'nance is achieved in the cold 
without use of chemical coagulants and is applicable to all 
kinds of waters so far as laboratory data can showo 



^■Bo Because of the short reaction period the plant la 
relatively smalls requires little or no prepared foundation, 
and much less head room than the ordinary plant o 

60 The component parts can be prefabricated and supplied 
from stock immediately on receipt of order- 

7» Unit construction enables the consunier to adapt 
the installation to changes in water deraand. If consumption 
increases he adds one or more units. If constimption decreases 
one or more units are shut down with consequent saving in 
power- 
s' There are only two daily tests to be made and a chart 
could be supplied showing the reagent quantities req\iired according 
to the teat results. With such a chart no chemical calculations 
by the operator would be necessaryo 

9« Overhaul, maintenance, and repairs would be lighter 
than v/ith the usual cumbersome lime-aoda plant© 
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PAHT VI 

DElV;Il^iEKALIoi:.L WATER 

Water la an Important raw material In all Industries, 
and a major one in many. It Is an essential solvent for 
the heavy and fine chemical industries, and likewise in the 
pharmaceutical industry. It is a process material in 
breweries and distilleries o It la needed for v/ashin^s and 
dyeing in all textile industries and in laundry operations o 
In chemical and electroplate finishings processes for metals, 
water serves as the solvent in all solutions and electrolytes, 
and as the basis of the nodium for final washing operations 
on the treated netal v.'ork« It is, of course, the raw naterial 
for production of ice. Apart from applications such as these 
which represent Instances where water is of primary importance 
in relation to the product manufactured, all inr'ustrles depend 
vitally upon It in a more indirect sense. Holler feed for 
steam and hot water supplies, for plant and for domestic 
needs v/lthin the factory, perhaps takes first place. Cooling 
systems rank next in Importance. These include water circulation 
on generators and compressors, pumps, machine operations, 
chemical processes such as reactions and distillations, and 
heating treat-nents such as annealing end quenching operationso 

WATER TREiiTI/lEl^T 

To supply all these needs, water is drawn from vario\is 
sources according to the local conditions in the district in 
which the factory is situated. Water from lakes, rivers, and 
artesian wells, as well as from the main water supply in the 
district, may be utilised, whether the water is treated 
depends upon the condition of the water concerned, and the 
purpose for which it is to be employed. Typical treatments 
include simple filtration processes, such as those using 
sintered qxiertz or glass filters, and softening to remove 
calcium and magnesium compounds, as by the lime-soda and 
base-exchange softening processes. However, for many of the 
processes enumerated, these simply treated waters are far from 
satisfactory and it is necessary to remove all dissolved solids 
by distillation metbodso These latter processes in themselves 
are far from efficient, particularly from the thermal point 
of view, and the plant involved entails constant maintenance 
if a steady level of efficiency is to be achievedo These short- 
comings are particularly pronounced in incius tries in which 
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relatively pure water is required for subsidiary processes, 
and less so when water is used generally throughout the 
production of the factory o In the latter instance j, the poor 
thermal efficiency can be offset by the use of heat interchange 
devlceso 

In the former, such procedures are rarely practicable, 
due to the isolated or individual nature of the plant. Thus, 
a large 'netal finishing department in an engineering v;orks 
may require a self-contained pure water plant, with an output 
of a few hundred gallons per hour. Although such a plant in 
itself is small in relation to the factory activities as a 
whole, it may involve appreciable space, maintenance and 
expenditure a The same remarks apply to water for chemical 
processes in engineering industries, e.go, the purification 
of chemicals for valve raanufactiire, preparation of electrolytes 
for electrolytic condensers, and the production of chemicals 
for metal rectifiers o 

HIGH PURITY Vi/ATEK 



Prom the viewpoint of operating efficiency and plant 
maintenance, and therefore with respect to overall cost, the 
answer Is the use of "deralnerallsed" water. This is a high 
purity water, purified by exchange processes, in which the 
soluble alkali salts are removed as well as those of calcium 
and magnesium. A very high purity water is obtainable by 
means of this treatment, minute traces of organic and siliceous 
matter being the only impurities. It is considered that 
deminerallsed water could replace normal distilled water, if 
not in all applications, at least in the vast majority of 
cases, with both economic and operating advantageso There is 
at present little appreciation of the merits of the de- 
mineralisation process, or even of its existence, despite 
the fact that it has been available for nearly a decadeo 
The following notes are Intended to give a brief outline of 
the process and its product o 

MINERALS IN WATER 

The impurities In water are varied, according to origin, 
but mains supplies treated by filtration, aeration, etc., for 
potable purposes are fairly uniform with respect to the nature 
of dissolved solids, differing mainly with regard to the 
relative quantities of these. Carbonates of calcivmi and 
magnesium, which account for temporary hardness, and , sulphates 



and chlorides of caloium 'And '.aatjne slums which impart permanent 
hardness, are i:he major contaminants* Soluble alkali salts, 
chiefly chloride and sulphate of sodium, represent the bulk 
of the remaining soluble mattef. a little silica and organic 
matter is invariably present; nitrates, nitrites and nitro- 
genous matter are negligible o 

The extent and nature of these impurities in typical 
potable waters can be seen from the analytical data given 
in Table 1« Kain waters, which are soft and comparatively 
pure, are only contaminated by impurities dissolved or entrained 
from the atmosphere* In industrial districts they contain 
much sulphurous acid and soot, and attention must be given 
to contamination from the surface from which they are collectedo 
This is clearly demonstrated by the data in Table 2, which shows 
heavy contamination due to the attack on concrete by the 
sulphurous and sulphuric acid in the water r. 

Table 1 
ANALYTICAL TATA '^N TYPICAL !.:AIN3 WATEKS 

~ o ample Sample 
No. 1 No» 2 



Hardness i, degrees ;- 

Total...., 15o7 16»7 

Permanent^ ..•.♦..... I ..».»-.•• • 2ol 6o7 

Temporary* «...,.• 13 o 6 I0o6 

Total solids, grains/galo consisting of:- 27,9 27»3 

Suspended matter • Oe,5 - ■= 

Ualoium carbonate lOoO lOs^O 

Magnesltim carbonate o « ,...,.. 3o0 

Calcium sulphate nil 6«0 

Magnesium sulphate. ...»»•••••••«••■>•••»••« ° • • 2«2 lo5 

Wagnesium chloride, - — 2e5 

Oxides of iron and aluminium......... <> 0.6 Ool 

silica 0.6 lo5 

Sodium sulpha te *......• ••• »...« 5»9 -- 

sodium chloride <■••.... 5.1 3.5 

Organic matter ««^.... -- 2.2 



Table 2 
VARIATION IN RAIN WATER COLLKGTED PROM CONCRETE ROOP 



Sample Rumple 

NOo 1 NOo 2 



HarcJness, degrees : - 

Permanent,..,.,.. ^,..,.„ „ 35„2 15.9 

Temporary 0.7 0,8 

Total solids, grains/gal, 61,7 32,2 
consisting of:- 

Suspended matter .......o 1,4 5<,2 

Calcium carbonate. ........ , ., 0.7 0.8 

Magnesium carbonate o nil nil 

Calcitim sulphateo 46o7 21.2 

Magnesium sulphate 1,1 0„3 

Oxides of iron and alTuainium Oo6 traces 

Silica , 1,5 2o0 

boditun sulphate. ,.« 3o6 nil 

Sodium chloride.. ...... ,o..,.. .,,« 6ol 2o7 



In the usual softening processes, whether lime/soda or 
base exchange, the calcium and magnesium can be removed, 
or partially removed, to a predetermined degree, but they 
thereby become replaced by the equivalent amount of, sodium 
salt. These softening processes are therefore useful only 
where softening, and the elimination of the ill-effects of 
these less soluble ingredients, is required. The total solid 
content is little affected, the total sulphate and chloride 
content is unchanged, and alkalinity is actually increasedo 

The ob.^ect of the deraineralising process is to remove 
these alkali salts, sulphates and chlorides, completely, in 
addition to the calcium and magnesium compounds. The origination 
of the process probably lies in the researches some years 
ago into synthetic resin base exchange compounds for the 
removal of soluble alkali salts from water- The commercialised 
process, however, uses first an exchange principle for the 
removal of all metals, leaving their acid radicles In solution^ 
and secondly an absorption method for the complete removal of 
these acids, v/ith the exception of carbonic acid which is 
expelled by degaaifyingo 



»30» 



HEI^VAL OF CATIONS 

-, ^, '^^^ first stage In the derainerDlisation proceso consista 
til ^ passing of the water to be tronted through a pressure 
cylinder charged with hydrogen ion-exchanging zeolite. In 
this, the rnetal cations, calcium, magnesium, iron, socMxira^ 
J '* ^^® removed and replaced in the water by hydrogen ions. 
In the normal base exchange process for softening in which 
a sodium zeolite is used, the calcium and magnesium ions are 
replaced by sodluxa ionsc The hydrogen ion exchange process is 
broadly represented by the following equations :- 



Calcium >, Hydrogen 

Magnesi-umV bicarbonate \. exchange 



Sodium ^ 
Calcium j^ 
Magneslum\ 
3odl\im ^ 
Calcium 1^ 
Magnesium \ 
SOf^lura 1 



sulphate 



chloride 



zeolite 

Hydrogen 

Y exchr.nge 

zeolite 

Hydrogen 

^- exchange 

zeolite 



Water \- Carbon 

dioxide oodlum 

Calcium 



:eollte 



Calcium ') 
Magnesium ] 

V»ater-t3ulphuriG Uagnesiuim Zeolite 
acid aodlum 

Calcliom 
Water'fHydro- Magnesium^ Zeolite 

chloric podium 
acid 



The water leaving this first cylinder is thus now acid J 
it is possible to remove the netal ions completely by this 
means, the size of the charge of hydrogen exchange material 
naturally having to depend upon the A^olurae of water to be 
treated. The exchange natorial becomes gradually loaded v;lth 
these metals (calcium, nagnesium, sodium, etc.), fixed in 
chemical conbination, and so it periodically has to be regenerated; 

The second stage of the derninerallsation process involves 
the passage of the water through a second pressure cylinder 
charged with a special material which removes the acids (except 
carbon dioxide) by absorption. Again the absorbent gradually 
becomes spent, dependent upon the volume of water circulated, 
and has to be periodically regenerated. 

The carbon dioxide retained in the water is of no 
consequence for many purposes, but needs to be removed for 
others. The third stage of the process thus consists of 
degaslficationo 
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REGENERATION 



The regeneration operations are comparable In siraplicity 
with that for the normal base exchange water softening system 
in which the base exchange zeolite is regenerated by circulating 
a strong solution of sodium chloride in reverse direction 
through the pressure cylinder. The hydrogen ion zeolite is 
regenerated by the passage of a solution of sulphuric acid 
through it. The absorption material in the second cylinder 
is regenerated by the passage of a solution of sodium carbonate 
In reverse direction throagh it*. 

The demineralisation process is operated at ordinary 
temperatures, and it will be seen that it merely comprises 
the passage of the water through a sequence of processes 
arranged in series. Fundamentally it is only a question of 
designing the size of plant and its arrangement, in relation 
to the volume of water to be treated, and the purpose for 
which the water is required. Moreover, fully demineralised 
waters are not alv/ays necessary. The completely treated water 
can thus be blended with untreated water, or again it can be 
given the hydrogen ion exchange treatment without the 
absorption process, and then blended with untreated mains 
water to reduce the alkalinity of the latter., 

The process is shown schematically In Pigo 1. Attention 
has to be given to the nature of the linings of the various 
cylinders to ensure that no contamination of the water occurs 
from corrosion (e.go, when in the acid or fully demineralised 
condition), or from erosion. Pipelines and cocks have to be 
given similar attention. Glass or special riibber linlnga can 
be utilised, rubber-lined cocks can be used, and pipelines 
of Pyrex glass or chemical stoneware c^n be adopted. Control 
instruments may be included in the circuit to show rates of 
flow and quality of water. The latter can be indicated on 
a basis of pH value, or by an electrical Insulation resistance 
recorder© 

Organic matter and silica are .not removed by the de- 
mineralisation process. In fact, organic matter may be a 
little increased by virtue of the circulation through the 
organic absorbent in the second stage of the process « 
olllca, too, may be slightly augmented from glass linings 
or stoneware pipework. 
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Piijo lo - cJcherae of demlneralisation process: 
1. -cation exchan,ier», 2-anion exchanger, 3- 
degaslfier, la and 2a-reijenerution tanks 

Some pertinent analytical data on distilled and de- 
rolneralised waters are tSiven in Table 3, The distilled 
waters were produced in steam-heated stills collected in 
stoneware containers and distributed by stoneware pipelines 
The waters concerned were of the type represented by saraple 
1 in Table 1» Befiring in mind that 1 grain per galo 
corresponds to approximately 14 p. p.m. or 0.0014 per 
the residual Impurities in those waters are very low 
The outstanding difference between the distilled and 
mineralised waters is the hi^jher total solid rosidue 
the latter, and the permani^anate test confirms that 
is mainly orrianic in nature. 



cents 
indeed* 
de- 
of 
this 



The deralnerallsed water plant can be run contiraiously 
or intermittently, with the water fed straight to the 
process for which it is needed or stored in reservoirs© 
For continuous operation, and where sufficient b\iffer storage 
cannot be provided, the hydrogen ion exchange and acid 
absorption cylinders can be duplicated; in this way, one 
pair can be regenerated while the other is In operationa 

It has already been stressed that demlneralisation is 
a cold process, operating at room temperature. A single 
plant can serve all purposes, or separate units can bo 
Installed adjacent to the process or operation in which the 
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water is requlredo It is only a question of ensuring sufficient 
pressure to pass the itiains water through the plant. The latter 
is compact and can be built to suit the available space^ pro- 
vided that sufficient room is left for access to the control 
valves and the regenerating plant « Regeneration is the main 
expense entailed in operation or maintenance o The other 
expenses are periodic renewal or make up of the hydrogen 
zeolite and acid absorption materialso These naturally suffer 
some loss from erosion or degradation, but it is very smallo 
The whole of the water passing through the plant is usable, 
except of course the small quantity used to flush through after 
regeneration has occurredo 

Table 3 

AN ANALYTICAL COMPARISON OP DISTILLED WATERS AND DEMIWKHALISED 

WATERS 



Distilled Waters Deraineralised 

V/atera 



Sample 

NOo 1 

Total solids, grains/galo 0.17 

Nature of total solids Mainly 



0U3 



Chloride expressed as 
Sodium chloride , grains/galo . , . . . 0ol3 

Permanganate test (oxygen absorp- 
tion) for carbonaceous matter 
(mlo).. - 0»08 

Alkalinity expressed as sodium 
carbonate, grains/gal 0.02 



0o25 


laO 


lo2 


Mainly 


Mainly 


Mainly 


silice^ 


organic 


organic 


ous 






Less 






than 






OcOl 


0ol3 


0o08 


0,08 


0o30 


0.45 


0.2 


0.06 


0.06 



DISTILLED WATER 

Water stills, on the other hand, are inefficient and 
expensive in operation and maintenanceo The water fed to the 
still requires previous softening if excessively frequent 
descaling is to be avoided. This adds to plant expense and 
tnelntenance. If gas heating is employed, corrosion of the 



5°^"''^r' ^^ SOS fumes has to be contended with, nnd n vout 
hfirt-i Ro:nbiistion products must he Installedo inoctricul 
needing Is not generally favoured, especially if prior 
?hA ^o^ *' i^.^°* employed - steam heating is preferred^ 
inLil! l^ ^° ^'^^ boiler la usually circulated around the 

^n!^« [^^®r^ ""^ oooling the distillate, thus conserving 
3o .e neato Even so the volume of distilled water is onlv 
oi the order of 20 per cent of the total water fed to the 
™l« T4 contrast with near enough 100 per cent in the de- 
mineraiisation system^ /.gain, much corrosion occurs in 
^H ^^1 I^ ^^® boiler itself, in the condenser tubes, and in 
rne outlet pipes, lioavlly tinned copper or brass is generally 
used for the last two items, but the tinning quickly 
impoverishes and users have to be alert to the possibility 
of copper contamination in the waterc 

In installations for specific processes, the initial 
plant costs are of the same order, but annual expenditure 
for operating and maintenance may be as disparate as lOO/l 
in favour of the demineralisation processc 

USE IN I^T.-UhTHY 

From the brief facts given in the foregoing, it is evident 
that demineralised water has great possibilities in the nujority 
of industries. Controlled alkalinity to a pre-desired value, 
or freedom from total solids, are very attractive advantages, 
especially for boiler feed and for all types of cooling systemse 
Electroplating processes benefit from the use of water free 
from solids, especially calcium and nagnesium compounds v/liich 
sludge out readily and accumulate in plating vats. For final 
washing operations on plated 'netal v/ork, controlled alkalinity 
and freedom from chlorides and sulphates are essential factorso 
These negative ions stain electro-deposits, particularly highly 
reactive coatings of r.inc and those of tin. i'or electrolytes 
for electrolytic condensers, water free from chlorides and 
sulphates is essential. J-'or producing high purity chenicals 
in general, very pure water is an indispensable raw -laterialo 
Kor the textile industries, and other processes mentioned in 
the introduction, demineralised water has advantages that are 
self -evident o 
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PART VII 

THE TKHATLIEKT OF BOILER WATER 

Bernard G, Houseman 

An official descritption of the use of organic materials 
alone for the prevention of underwater scale and corrosion 
in respect of steam boilers is as follows:- 

(a) Certain colloidal organic extracts possess properties 
of absorption and coagulation, and prevent, under 
suitable conditions, the formation of scale in boilers-, 

(b) Colloids can coagulate oil in the water and so 
prevent it from adhering to the laetal and also aid 
in preventing primingo 

(c) The action of colloids is physical and their ixse does 
not add to the dissolved salts in the boiler watero 

(d) Suitable organic colloids absorb oxygen and fomn a 
corrosion-protective film on the surfaces of the 
boiler in contact with water or steamo 

(e) Organic treatments must be carefully controlled, but 
they are not dangerous if used in excesso (This 
"sentence may appear paradoxical, but the intention 
is to show that enough of the treatment must always 

be used to coiribat fluctiiating conditions and different 
waters* If insufficient is present, scale and 
corrosion will not be prevented. ) 

The precise mechanism of the vegetable extracts Tised for 
organic water treatment is as yet not entirely knownj vi/e know 
their effects and slmilcrly there are methods by which their 
presence in waters at the desired strength to prevent corrosion 
and scale can be checked, but there is research to be done even 
after their extensive use for over half a century, iiince they 
are efficient oxygen absorbing agents, their presence in boiler 
waters can be determined quantitatively by a simple method 
involving the use of a standard solution of potassium per- 
manganate «, 

In all boilers in which steam is raised we have to 
consider the following sequence: 



(1) l.irectly the Vs'ater is liejitod, the free COg is driven 
off with the bicarbonate OOs and oxytjen, nnd it la 
the qiinntity of these two (the free and bicarbonate 
COg) that determines the degree of acidity ns carbonic 
acid present in condensed or distilled wnter« 

(2) By the time the water boils, the carbonate or 
toiaporary hardness is deposited as scale or sliid^^e 
and the GOg which, in the cold, iield the temporary 
hardness in solution, is driven off with the stearrio 
Oxyfjen is also driven off„ 

(3) '.kith the proj-ressive evaporation and replenishraont 
of the boiler water, the couonntration of the solids 
Is correspondingly increasedo 

Temporary hardness is easily dealt with by liiae softening 
which consists of fixing the GOg by calcium hydrate in a softening 
plant, Vvhereby calciiim carbonate is preclpitateds Vhis is 
settled out and filtered and the water available for feed 
is then devoid of teaiporary hardness » 

In a case where 100 per cent condensed Avater is returned 
and the boilers are filled with distilled water^ and no condenser 
lenkaJ^e or priming occurs, there would be no hardness wliatever 
and no treatment would be required for scale prevention^ If 
it were possible, when producing the distilled water, to do so 
in a closed s?^stem nnd to re:nove by calcium hydrate all the 
free and bicarbonate GOg from the raw v/ater distilled and to 
remove as ffluch of the o>:yren dissolved in the water as possible 
by THflohanical deaorators, subseouently adding an orgonic 
solution sufficient to deal with the residual oxygen, tlion 
boilers on a properly closed feed system would require no 
treatment of any sort, nor w^ould It be necessary to blow dov/n 

at all" 

In prHctice, however, this does not occur because, unless 
V^till^te has no access at any tine to the atmosphere and there 
oj.e no leo^<:3» i* readily takes up both GOg and oxygen again 
so that whilst, in theory, if the GOg and oxygen are fixed in 
the original water from which the d:lstillate Is obtained, the 
dlstil-T-O^Q should contain no carbonic acid and no oxygon, it 
invariably does; therefore, if the feed v/ater is distillate 
there are still traces of oxygen and GOg entering the system, 
whatever precautions are taken© 
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If the correct organic treatraent is ^)sed. It adds minute 
quantities to the figure for dissolved solids (or density)^ 
however, and as against sodium sulphite for oxygen absorption 
(virhlch Is recorainended not to be used where the oxygen in the 
feed exceeds 0o2 ml/litre since it greatly increases the 
dissolved salts in the water and will produce sulphurous 
acid corrosion if used in excess), organic treatrients are not 
subject to critical factors and cannot produce alkalinitieSi, 
priming conditions, action on metals, eto«,- even if used in 
excess of the quantities specif iedo Furthermore, the right 
organic treatraent will produce an inter-action between the 
oxide of iron film present on all ferrous metals so that 
instead of the i.ietal being covered on all underwater surfaces 
with oxide of Iron in the absence of scale, it is covered with 
a type of tnnnate of iron » this film is not always evident 
with organic treatments without wire brushing but, if established, 
it is of value since it resists the deposition of scale, apart 
from the action of colloidal treatment in preventing the 
crystallisation of particles, as they are precipitated by 
hept or concent rationo 

The major advantage, however, is that if, as all evidence 
seems to show, the action of an oxide of iron "scab" covering 
a "T)it" mark Is to produce the cathode against the anode of 
the good metal, then obviously the removal of ferrous and 
ferric oxide deposits by chemical descaling with inhibited 
acid first whereby the "scabs" of iron oxide are removed and 
the "pits" cleaned out, the subsequent conversion of the skin 
of the metal. In the "pits" as well as on the good rietal, to 
a type of tannate prevents the galvanic action, since the 
electrical potential of all surfaces m\ist then be the sameo 

In order to make a proper examination of the rietal of 
any vessel, many authorities are now insisting on chemical 
descaling first, since it is obvious that pit marks can only 
be properly gai;iged in depth after cleaning out and corrosion 
or cracking is frequently in existence under hardness scale o 

The maintenance of an alkaline feed water is, however, 
essential in all conditions, becaixse, even where the raw 
water is hard and any condensate is returned, the distillate 
from that water will contain all the G02 as carbonic acid 
fboth free and bicarbonate) from the original vi/ater unless 
It is fixed by calcium hydrate, and if fixed by calcium 
hvdrate it will be permanently fixedo Obviously if the make- 
Z Is 100 per cent distilled then the pH value cannot be 



more alkaline than neutral even if the 002 has been fixed 
In the original water, nor does It need to be alkaline 
becanae, if the distilled water is neutral, there can be 
no C02 in and it must have been fixed in the orl^sinal watero 
If a water is interTially treated by soda, it is true that an 
alkaline feed will result but, on concentration in the boiler, 
sodium carbonate Tnay decompose, releasing C02 attain. The 
activity of G02 on the steam side is atjjijravated by the presence 
of oxygon, as the following v/ill show© 

Carbon dioxide in the water forns carbonic acid wliich 
attacks the 'letal and produces ferrous carbonate; the oxyj^en 
in the air or in the water oxidises the ferrous carbonate and 
converts it to feri'lc hydroxide (iron rust), freeing the 
carbon dioxide to form carbonic acid which continues to attMck 
the netalo 

Nevertheless, oven in the absence of 6xygen, G02 corrosion 
in condensate return systems can still occur, unless the 002 
is fixed permanently in the water before it is heated, but, to 
be active, liquid water must be present since 002 in dry Htoam 
is harmless and carbonic acid is only re-formed virhen the stoam 
is condensed. Lue to this reason, considerable trouble has 
occiirred in nerchant ships in recent years with corrosion or 
oxide scale in steam pipes, super-heaters, and even in turbines 
although the trouble in the blading of tiie latter has more 
often been due to erosion or "scoring" by particles of oxide 
of iron rust (the products of 002 corrosion) rather than by the 
action of carbonic acid under condensation. If, however, all 
boilers in port are kept on banked fires with all main atoara 
valves open up to the turbines ready for an emergency, or, as 
In convoy, dew point on the steam side is reached, carbonic 
acid will be re-formed and if the oxy,^en in the boiler water 
has not been absorbed by a suitable organic substfmce then 
very rapid corrosion of the steam pipes, super-heaters, etc., 
will occur and can even do so under such conditions if the 
orrn'^lc treatrr,ent is fixing the oxygen, because no organic 
treat'^ent can fix 002 and the use of calcium h^rdrate v^ith thorn 
Is essential to fix the 002 if the steam is to be condensedo 

If the steam is not being condensed, then the fixing of 
the 002 is really unnecessary, providing the steam is not being 
used for any purpose where it nay condense in contact with 
ferrous metals before being taken to atmosphere, '..here, on the 
other hand, condensation of otean contj.ining 002 occurs, carbonic 
acid is re-forned and may have a corrosive effect as, for 
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Instnnce, in steam- .jacketed pans or in distributing pipes where 
zne latter are of iron or steel. In certain cases this corrosion 
may have other adverse consequences and the staining of textiles 
Drought into direct contact with such steam is a notable example «, 

ORGAfaC Rl-A-.KNTS WIT H ilA-rU) WyiTERS 

If there is no condensate return and all the feed is hard# 
raw make-up, then consideration must obviously be given to the 
fact that, whilst under organic treatment there is no increase 
in the alkalinity and dissolved solids density, the hardness 
that would form as scale on the r.ietal in the absence of any 
treatment is held as finely-divided non-crystalline suspended 
matter in the boiler water. In waters where three pounds or 
more of solid scale-forming inatter is being added to the boiler 
per 1,000 galo of water evaporated, the condensation of suspended 
solids would increase rapidly unless excessive blowing dov^n 
were done, and even then with shell boilers it is only during the 
first second or two that blowing dow^n is of any value for the 
removal of suspended matter. After that it is merely a wastage 
of hot water and active treatment « 

Continuous blow down which consists .'lerely of a constant 
bleed is successful, if wasteful, in keeping down densities of 
dissolved solids under chemical treatment but, without properly 
placed "internal draw offs," the orifice areas of vrhich are 
careftilly calculated to deal with each case and the type of 
suspension to be removed, continuous blow down is very little 
use for the removal of deposited solids, and, where boilers 
are "banked" at night and there 5s nothing but a very hard 
feed being used, some settlement of suspended rnatter may occur 
during the banked fire period with the result that the circ^ulation, 
on raising stesm, may not be sufficient to bring the settled 
matter into suspension again, and it bakes on the heating 
surfaces as scalco This occxirs both Vi/ith cheraicnl and organic 
niethods and it rneans a constant removal of it whilst stoamingo 
It accounts for the fact that the slurry on washing out a new 
boiler may jometlmes contain vifhat are obviously pieces of scale 
that at some period in the run have been adherent. This trot^ble 
can be eliminated if organic treatraent is used by installing 
continuous blow down with Internal pipes which, if suitably 
placed and designed, remove the suspensions? and as the raethod 
of organic treatraent does not increase the dissolved solids the 
continuously blown-down water can be passed through filters and 
the hot filtered wfater returned like condensate to the feed tanko 
This effects a saving in treatment (because there are active 
tannates in the filtered water), a saving in water and a saving 
In hecto 



The suspended scale removed can be analysed and weltjhod 
and compared v.-ith the scale-forming potential of the feed 
water and a very accurate estimate of the internal boiler 
surfaces maintained, special blow dovm valves are required 
when dealing vi?ith such suspensions as otherwise there nay 
be a tendency for chokatje in idle periods considering the 
very small orifices involved. Under such circumstances boilers 
that previously had to be opened up every fev/ v;eeks are novi 
operating for six and tv«elve ;nonth3o 

There are obvious advantages in being able to deal ^.^Ith 
such conditions by a treat'nent that does not have the effect 
of increasing the density to any meaw'surable extent© ulth 
8 boiler working at 200 lb, pressure per sq. in, and using 
a coal of calorific value 12,000 iS.T.Uo at 40so per tonj, 
every 1,000 ^thI, of water blown away noans a v/nste of over 
6s. above the value of the water Itselfo 

One of the greatest advantages of organic treatnont 
is its versatility. Providing there la tht? necosaary excess 
of the correct active tannate in the boiler v;ater (as 
determined by the potasaiura perms. njanate tent), it is in;iatorlal 
if the water xised varies from dj.y to day becaiise sufficient 
excess can alv^ays be carried in the boiler v.'ater to deal w ith 
any change o 

oince the object of fixing o02 vith organic treationt is 
to prevent it passing v/ith the steam to the condensate, the 
use of calcium hydrate v/ith an organic treatment is unnecessary 
even in naturally acid waters except when the steam raised is 
condensed or where G02 passing over with the steam in the process 
for which it la employed or in the stoam lines is liable to 
condensation and where the carbonic acid formed has access to 
something which it can corrode. 

GONCLUSIOI^S 

In the li.rht of information accumulated during bO years 
of boiler treatment, several points have become evident: 

(1) That far too little attention has' been paid to 
service to the steam user by the supplier of reagents 
for viater treatment » 

(2) That, whilst organic treat-ient, proper, may be used 
haphazardly wlthoizt injury, no chemical treatment should 



■) Ji'ff 



be used unless it Is actually prescribed in 
accordance with an analysis of, and the requireirents 
of > each water, and that, in any case^ chemical 
troatrnent is best done in a softening plant o 

(3) That the fundamental differences between pre- 
softening, internal chemical and internal organic 
treatment have not generally been recognised. 

(4) That, given the right organic treatment, complete 
ireedom from carbonate and sulphate jscale for 'nation 
cnn be achieved together with underwater protection 
against corrosion and pitting by traces of acidity, 
oxygen and magnesium chloride dissociation without 

a soda alkalinity, 

(5) That the standard of boiler cleanliness has left raixch 
to be desired and that there is still a belief in 
some quarters that a boiler can not be stoaraed with 
clean metal underwater surfaces without risking 
pitting and corrosiono 

Organic treatment may be applied In two different ways* 
Tannins (often derived from chestnut or oak) may be used in 
conjunction with inorganic treatment whereby the Insoluble 
solids first formed are coa^ulatedo On the other hand, the 
author recommends the use, in aqueous form, of special vegetable 
extracts which, without added sodium salts, are capable of 
preventing the deposition of insoluble matter in the form of 
scale. In applying the latter method, it is, of course, 
vitally important to make proper provision for the continiious 
removal of precipitated solids from the boiler, whilst in 
operation, and also to ensure, by the employment of a siTtiple 
test, that the boiler water always contains an adequate 
concentration of the organic reagento 
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FART VIII 

FILTTiATIOK OF INIV6THIAL I VATER 

J.V. iirittaln 

, uater for Inchistrial purposes often has to conform to 

certain roouireraents and it Vv-as on this aocount ths.t vroHcs 
anc factoriea were often located where there v/as a .^ood 
supply of suitable water. In those days the treat aent of 
water had not been studied and It was not considered practicable 
to make any available water suitable for use in the particular 
processes involved, i-or this reason Jiany of the older laills 
were located at so;riewl\at inconvenient points from the nodern 
point of viev<o 

To-day, with the tendency towards planned location of 
factories, the question of the supply of water being available, 
is still important, but the nature and quality of this water 
Is not such a serioxis matter in view of the nany satisfactory 
t^'pes of treatment plant which have nov/ reached a hi^^h dot^ree 
of perfection. It is still preferable to use a 3upi)ly wlilch 
requires a -nlniinun ar.oxmt of treat nent to rnj.lce it iUitisfactory, 
but, except in very ST^ecial cases, the tnchnicnl and j^r; ctical 
dif ^^iculties involved in the various processes have nov; been 
greptly slnplified* 

Kvon if the nnantity reouired Is such that the cost of 
•nains water is not too hi^'h, this v;ater nay not be suitable 
v/lthout troat 'cent so that the following notes refer to both 
public and private water sxipijiies. Perhaps the lain difference 
between the two will be that the public sup^jly v/ill be pure 
fron the bncteriolOf'^ical point of view so that it can be 
used for drincln^^ purposes without further troatnent« 

It should be made clear that there are two rather 
distinct branches of industrial water trgatr;eut« One la 
for process worlc wnere the quality of the water raay affect 
the final quality of the factory output and the other Is 
for steam raising when it is a question of reducini; boiler 
maintenance to a minimum. This latter problem is a very 
specialised one and naa received very close attention on 
the port of steam engineers. In a large factory where the 
water is used both for process work and for steam raising 
the whole of the water is usually treated in a general way 
and that portion used for steam raising receives special 
attention to -nake it suitable for this purposeo 



The various aspects which have to be considared include: 

(1) Matter in suspenaiono 

(2) dissolved minerals likely to cause troubleo 

(3) Hardness of the watero 

(4) Acidity or alkalinity, 

(5) Containination» 

The question of deciding what treatment Is advisable or 
necessary can be settled from a consideration of a ciienical 
aralysis together with a bacteriological report if the water 
Is to be used for drinking and washing. It may be worth while 
to carry out certain practical tests with smples of the water 
under actual working conditions but this should not be 
necessary if the analyst has been asked to denl v/lth those 
aspects which are likely to cause trouble. When sending samples 
for examination, it is Important to state clearly the proposed 
use of the water, emphasising those points which would tnake 
the v/ater good or bad from the user's point of viev/o 

In general, the nature and quality of water depends 
on the source from which it is obtained and v;ater from 
similar soiirces will have, in some degree, similar propertieso 
As industrial needs generally mean the daily use of large 
quantities, there are two main sources -rivers (including 
streams) and boreholes© 

KIVEH WATER 

Water taken from a river or derived from springs will 
usually carry both organic and inorganic matter. There will 
be a fair amount in suspension and the quantity of dissolved 
compounds, will, of course, vary with the nature of the soil 
through which the river flows or of the rocks providing the 
springs. If the river comes from moors or uplands, the ivater 
may be "peaty" and also colored brown. It is generally soft 
water but ma^ be slightly acid due to deca^red vegetable matter. 
The susr^ended solids are easily removed and the quantity of 
dissolved minerals will not be excessive. The risk of it 
being contaminated is high, particularly in the case of a 
river flowing through agricultural or populated areas o 



WATER FROM J}2 }ri-rirrn^ '^ 

^hls water, which Xs often a very convenient yvipply for 
inriustrial purposes, will be free from ori^anic impurities but 
will nontfiin mineral sHlta in solution. The water is often 
narrt but not always so, while it is amenable to trentnont owing 
zo Its purity otherwise. Ghenicol analysis will im^nodlately 
snow What treatment is renuired and, unless the well is shallow^ 
the quality of tlie water should not vary with ordinary weathor 
conditions. It should be fairly free from natter in suspension 
but if It is to be used for any process involving ohenical 
reactions, the question of the dissolved mineral salts v/ill 
require very careful investigation, 

STAGEJ OP THi^aTi/lLNT 

The process of treating water can be divided into: 

(a) Preliminary treat;aent including filtration. 

(b) Ohenical treatment including softening.. 

(c) opoclul treatment for steam raisingo 

(d) sterilisation. 

For many in'"ustrlal processes, such as cooling, v/ashlng 
of raw 'nnterlals, etc., it may be sufficient to give j^relimlnary 
treatment to remove suspended -natter. >'or most piirposes cliomlonl 
treat'nent takes the form of one of the ordinar^r softening 
processes o oteriliaatlon is only used vihere the v/ater is used 
for "domestic" pxjrposes or where the v/ater is serioiisly 
contamlnatedo These remarks apply to a private supply. In the 
case of water taken from the public mains (a) and (d) should 
be unnecessaryo 

PKELliaUARY THl'.:/iTI.Ii!;NT 

This refers to the removal of suspended matter and tlius 
consists ;nainly of settling and filtration. The water should 
be collected in a reservoir and ullcwed to renfiin there 
sufficiently long to allow settle.'ient to take place. Jhe time 
required will dej^nd on the natxire of the matter in suspension 
but the removal of the coarser material in this way will save 
the subsequent filters and lesson the work of cleaning tiiese outo 
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It is assumed that the larger impurities, such as occur if 
muddy river water is used, have already been removed by 
screenlngo 

The clearer water now requires filtering and this is 
effected by means of a bed of sand, either in a alow gravity 
filter or In a rapid (lechanloal filter. The slow sand filter 
consists of a large bed of suitably graded sand through which 
the water flows at the rate of 2 to 3 gall, per sqo fto per hro 
This fig\ire will show that for any quantity of water a fairly 
large bed la requiredo The mechanical filter is so called 
becfuse it is provided with some arrangement for agitating 
the aand so that It can be cleaned periodically, generally by 
means of a flow of water in the reverse dlrectiono 



These rapid filters consist of a steel tank containing 
the aand through which the water Is forced so that the rata 
of flow may be over 100 gall, per sq, ft., per hr- Thus a 
pressure filter requires much less space than a slow filter 
end in addition is suited to industrial requirements as it is 
more convenient for periodic operationo 

In a typical pressure filter the sand Is agitated during 
washing by means of radial arms which are revolved either 
by hand or by electric motor- Hand operation is quit* sati3>= 
factory for the smaller plants. The process of washing is 
carried out by shutting off the supply of raw unfiltered water 
and allowing the filtered water to flow back through the 
filter and escape by means of the washout valve© 

During use, the condition of the filter is seen from 
the pressure gauge which shows the loss of head in the fllter» 
For u clean filter this will be only 2 to 4 fto head i>ut as 
the sand collects the impurities this head will rise to 10 
or 12 ft, when the filter requires cleaning* The time taken 
to make vashing-out advisable will vary with different waters 
but this will generally be somewhere between 20 and 200 lir. 
use. For a small plant one filter will often be sufficient 
but If a continuous supply of filtered water is essential, 
duplicate units should be installed so that they can be 
cleaned and used alternatively. 

USE OF COA^lJLAHT 

While for many purposes the use of sand without any otlier 
treatment gives satisfactory results, the very fine particles 



cen only be arrested by sone form of film which attaches 
Itaelf to the grains of sand. This Idea is not new, oiiice 
the old type slow sr.nd filter had to be cojiclil.ioned bejforo 
It oporrted correctly. This conditionings was done natiirally 
with these filters and during a poriod of weeks the film 
was formed by simply allowing the water to flow throu^^h the 
sand and leave behind the iinpurltleso 

In the oaae of rrechan.lcnl or pressure filters, the 
flln is forned artificially by the use of a coaf'julant , as 
it is unenonomical to waste ti^ne and water forming the film 
in the old mannero Aluminiiim sulphate is usually chosen 
as the coagulant and is f'=d to the water in the forra of a 
solution before it reaches the filter- oeveral types of 
dosing plant are avsilable operated either by gravity or 
by the pressure in the supply pipeo l.iany of the pressure 
type doaers are operated by usinjj the "head"' obtained from 
an orifice placed in the supply nain and are entirely automatic 
in operationo 

If the water is too acid, as is sometimes the case 
with moorland water, it :nay be necessary partially to 
neutralise the water by means of soda ash or other nl'calii, 
so that thie coagulant vi/ill w/ork properly. This extra cheralcal 
can also be fed to the water in a similar manner* 

OTHER j\3PLGT3 OF FILTRATION 

The main aspect of filtration, as far as industrial 
supplies are concerned, is the removal of suspended matter 
but it should be remembered that efficient filtration, either 
with a properly conditioned slow sand filter or a mechanical 
filter, removes most of the ha^-mful bacterla<, 

A large proportion of our public supplies received no 
other treatment in the past and water which has been properly 
filtered is usually safe to drink unless it was badly con- 
tr.ninated when collected. The filter will also remove most 
of the coloring matter when this is due to organic inpurxtxeso 

These results are, of cotxrse, only obtained when the 
filter is correctly conditioned by means of a film on the 
sand grains, this film acting in a bacteriological sense 
as well as a mechanical one«> 



PART IX 

FILTRATION PROCESS I3Y lOM-oXGHAMaE 

Development of a simple filtration process by whioh 
ordinary water can be converted Into the chemical equivalent 
of distilled water is claimed by the American Gynnamid and 
Chemical Corp., New York, N.Y. Equipment for accomplishing 
this conversion is available in portable and stationary 
styles, it is announced,, 

It is claimed that with these unitsp designated as 
Filt-R-otilj water which is virtually mineral-free is made 
readily accessible for laboratory and other use,, The 
filtration process is described a3 being accomplished through 
skillful utilization of melamine-derived and other resins 
developed by the manufacturer o 

The final de="mineralised water is said to have an 
average salts content as low as two parts per million of 
calcium carbonate, and has been produced as p\xre as one-half 
part per million. The process is also credited with rerioving 
dissolved carbon dioxide from the water* 
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